INTRODUCTION {#sec1-1}
============

Erosion is a multifactorial phenomenon that results in erosive enamel and dentin wear.\[[@ref1]\] Erosion is defined as the loss of tooth structure due to the function of acids and irrespective of bacterial activity. By changing lifestyle during the recent decades, consumption of acidic foods and beverages has increased. Role of food acids as the main cause of erosion has been documented in numerous studies. Dentin hypersensitivity is usually associated with cervical erosion and has been suggested as a direct clinical outcome of erosion.\[[@ref2]\]

Clinical pattern of erosion includes porosities in dentin surrounded by a prominent enamel margin. Surface erosion can progress rapidly and result in dentin hypersensitivity and pulp exposure.\[[@ref1][@ref2][@ref3]\]

Various studies have evaluated the role of fluoride-containing solutions and varnishes and casein, calcium and phosphate-containing compounds (casein phosphopeptide-amorphous calcium phosphate \[CPP-ACP\]) in the prevention and reduction of erosive wear.\[[@ref1][@ref2][@ref3][@ref4][@ref5][@ref6]\]

Application of ionized fluoride, i.e., sodium fluoride, amine fluoride or stannous fluoride on tooth surfaces results in deposition of calcium fluoride (CaF~2~) on the enamel surface. Under neutral conditions, this layer can stay for weeks, even months on tooth surfaces. Proteins and phosphate ions can also incorporate into the structure of this deposit layer. CaF~2~ deposition is facilitated by increasing the concentration of fluoride ion, longer exposure time, and lowering the pH of the solution. CaF~2~ deposition has been observed as deep as 40 μ in dentin. The fluoride ions released from CaF~2~ can incorporate into the dental hard tissue and result in its further stability, hardness and increased abrasion resistance.\[[@ref3]\] When enamel and dentin are exposed to fluoride ions, the calcium and phosphate present in tooth structure form fluorapatite crystals with these ions. This compound is more acid resistant than hydroxyapatite.\[[@ref3]\]

Recent laboratory studies have shown that calcium-containing compounds can prevent dental erosion. CPP-ACP complex provides optimal concentrations of calcium and phosphate ions for enhancement of enamel remineralization.\[[@ref2]\]

Tooth mousse (TM) is a water-based sugar-free cream that contains CPP-ACP. When applied, it maintains optimal concentrations of calcium and phosphate ions on enamel surfaces to enhance remineralization.\[[@ref7]\] *In vitro* studies have demonstrated that CPP-ACP can be absorbed by the salivary pellicle and dental plaque. Thus, a calcium-rich reservoir is formed that can facilitate remineralization.\[[@ref2]\]

Until date, no study has compared the efficacy of CPP-ACP paste and sodium fluoride mouthwash for prevention of erosive wear. Considering the popularity of sodium fluoride mouthwash among the Iranian population and the recent introduction of TM to the Iranian market, the present study was conducted aiming at comparing the efficacy of 0.2% sodium fluoride mouthwash and CPP-ACP paste for prevention of dentin erosion in human teeth.

In this study, profilometry was used for measurement of erosion on tooth surfaces. Various researchers have shown that profilometry is a highly accurate method for the measurement of surface loss (\>0.4 μm).\[[@ref8]\]

MATERIALS AND METHODS {#sec1-2}
=====================

This *in vitro* experimental study was conducted on 36 sound human premolar teeth (with no caries or fracture) that had been extracted as the result of periodontal disease or for orthodontic treatment. Calculation of sample size in each group was done using NCSS software (NCSS 2007. NCSS, LLC. Kaysville, Utah, USA) with 95% significance and 90% power. The expected mean difference was considered as 1.6 ± 1.2. Sample size was calculated as 12 teeth in each group. The teeth were disinfected with 5% chloramine solution and stored in deionized water.

Preparation of samples {#sec2-1}
----------------------

Buccal surfaces of the teeth were ground flat and polished with silicone discs. The surfaces were then rinsed with deionized water and placed in ethylenediaminetetraacetic acid 17% solution for 1 min for smear layer removal. The samples were then rinsed again with deionized water.

Afterwards, half the tooth surfaces were covered with adhesive tape and samples were then randomly divided into three groups of 12 each. For higher precision and comfort in the next steps (pretreatment and erosion phases), a custom method was used for preparation of samples. Three clean and transparent glasses were prepared and a circle was drawn on their internal surfaces in a height higher than the mid-height of the longest tooth. The drawn circle was covered with adhesive tape to prevent wiping off or fading when in contact with acid and mouthwash. In the next step, the samples were glued to the external surface of glasses (each group on one glass) in a way that the covered halves of the teeth were placed above the drawn circle and their remaining halves were located below it.

In the next steps, these glasses were placed in dishes containing acid or mouthwash. The amount of acid and mouthwash was regulated in a way that the surface of acid or mouthwash was in alignment with the drawn circle. By doing so, we made sure that the upper halves of teeth were not exposed to acid or mouthwash and were safely protected from the effects of these solutions.

Pretreatment {#sec2-2}
------------

Two groups received pretreatment before placing in acid solution.

In the first group, samples received pretreatment with CPP-ACP paste (TM, GC, Japan) according to the manufacturer\'s instructions. TM paste was applied on samples 4 times a day (5 min each time) for 5 days.

After each phase of pretreatment, the teeth were irrigated with deionized water and stored in artificial saliva (pH = 7.3) until the next phase. Deionized water, carboxymethyl cellulose, MgCl~2~, KCl, CaCl~2~, NaCl, K~2~HPO~4~, and sorbitol were the constituents of artificial saliva. This solution was prepared by the Iran Polymer and Petrochemical Research Center upon the author\'s request.

In the second group, samples were pretreated with 0.2% sodium fluoride mouthwash (Behsa, Iran). Samples were placed in the mouthwash 4 times a day (1 min each time) for 5 days according to the manufacturer\'s instructions.

After each phase of pretreatment, the teeth were irrigated with deionized water and stored in artificial saliva.

The third group (controls) received no pretreatment and stored in artificial saliva.

Exposing the teeth to acid {#sec2-3}
--------------------------

After completion of pretreatment phase, the teeth in all three groups were exposed to acid under similar conditions. The samples were placed in a glass of Coca-Cola 4 times a day (2 min each time) for 3 days. As mentioned earlier, the surface of drink was in alignment with the drawn circle to prevent penetration of drink under the adhesive tape. After each phase, samples were rinsed with deionized water and stored in artificial saliva until the next phase of the test. After completion of tests, the adhesive tape was removed. The protected surfaces under the tape were used as a reference for profilometry. Furthermore, in order to have a stable rest for profilometry each group of teeth were glued on a piece of cardboard.

Profilometry {#sec2-4}
------------

In the next phase, the amount of surface loss in samples was measured by a profilometer (EMD-1500-311, Mahr Federal Inc., Germany). The accuracy of y~max~ measurement by the device ranges from 0.2 to 25.3 μm. The output of profilometer is the greatest difference in surface area scanned by the stylus which is shown as y~max~. For each tooth, profilometry was performed 3 times (for the protected surface, for the eroded surface and for a total surface area) and three output data were obtained. [Figure 1](#F1){ref-type="fig"} shows the schematic view of the three outputs.

Finally, the protected and eroded surfaces in each tooth were compared with each other. The eroded surfaces of the three groups were also compared.

![Values measured by the profilometer](JCD-17-244-g001){#F1}

Statistical analysis {#sec2-5}
--------------------

Data were analyzed using SPSS version 16 software (SPSS Inc, Chicago, IL, USA). Descriptive statistics for the three solutions were presented. One-way ANOVA was used for comparison of erosion rate and surface changes in the three understudy groups. Tamhane\'s test was used for paired comparison of groups.

RESULTS {#sec1-3}
=======

Twelve teeth were evaluated in each group. [Table 1](#T1){ref-type="table"} shows the number of samples and statistical data regarding y~max~ for the protected and eroded surfaces, the total y~max~ and the surface loss. Since, the whole tooth had similar surface roughness before exposure to acid, the surface loss or amount of erosion was calculated by subtracting y~max~ of the protected area from the total y~max~. The mean surface loss was 4.23 ± 2.86 μm in the control group. This rate was 2.24 ± 2.4 μm in the paste pretreatment and 1.14 ± 0.81 μm in the mouthwash group, respectively.

###### 

Test results of the three understudy groups

![](JCD-17-244-g002)

ANOVA failed to find a significant difference in mean surface roughness of protected surfaces between the three groups (*P* = 0.051). Furthermore, no significant difference was detected in mean surface roughness of eroded surfaces after exposure to acid between the three groups (*P* = 0.052). Comparison of mean total y~max~ and mean surface loss revealed a significant difference between the three groups (*P* \< 0.05).

Comparison of mean total y~max~ between the three groups showed no significant difference between the paste and the mouthwash groups (*P* = 0.098). The paste and the control groups did not have a statistically significant difference in this respect either (*P* = 0.853). However, the difference between the mouthwash and the control group in this regard was statistically significant (*P* \< 0.05).

Comparison of mean surface loss between the three groups revealed no statistically significant difference between the paste and the mouthwash groups (*P* = 0.284). The paste and the control groups did not have a statistically significant difference in this regard either (*P* = 0.094). However, the difference between the mouthwash and the control group was statistically significant (*P* \< 0.05). [Figure 2](#F2){ref-type="fig"} shows y~max~ values for the protected surfaces of the three groups.

![Error bar of mean and 95% confidence interval of y~max~ for protected surfaces in the three groups of tooth mousse, mouthwash, and control](JCD-17-244-g003){#F2}

[Figure 3](#F3){ref-type="fig"} shows y~max~ values for surfaces exposed to acid.

![Error bar of mean and 95% confidence interval of y~max~ for eroded surfaces in the three groups of tooth mousse, mouthwash, and control](JCD-17-244-g004){#F3}

Total y~max~ values are demonstrated in [Figure 4](#F4){ref-type="fig"}. The y~max~ values are obtained when diamond stylus is moved vertically in contact with the protected and eroded tooth surfaces and then moved laterally across them for a specified distance and specified contact force.

The mean surface loss for the three groups is presented in [Figure 5](#F5){ref-type="fig"}.

![Error bar of mean and 95% confidence interval of total y~max~ for the three groups](JCD-17-244-g005){#F4}

![Error bar of mean and 95% confidence interval of surface loss in the three groups](JCD-17-244-g006){#F5}

DISCUSSION {#sec1-4}
==========

Erosion is chemical tooth wear resulting from acids in foods and beverages. Role of acids in tooth erosion has recently come into the spotlight. Dentin hypersensitivity is among the direct outcomes of erosion that may occur in clean tooth surfaces. Acid reflux and acidic foods and beverages can dissolve the smear layer and expose dentinal tubules to the oral cavity resulting in aggravation of dentin hypersensitivity. Consumption of acidic foods and beverages play a significant role in occurrence of acid erosion in teeth. Considering the growing consumption of soft drinks and increased prevalence of dentin hypersensitivity among patients, the present study was conducted aiming at evaluating the role of preventive factors in prevention of erosion due to the consumption of Coca-Cola which is a popular drink worldwide. Researchers have studied various methods for prevention of tooth erosion. Many of these methods are based on the use of fluoride-containing products. The effectiveness of fluoride in toothpastes and mouthwashes is mainly because of strengthening the tooth surface against dissolution. Studies conducted on caries have shown that fluoride supplementation in the form of mouthwash increases the concentration of fluoride ion in the mouth which subsequently results in strengthening of teeth surfaces.\[[@ref3]\] Topical application of fluoride compounds leave behind a considerable amount of fluoride on tooth surfaces due to the porosities and water content of dentin. In deeper dentin layers, high fluoride concentrations act as a fluoride reservoir. Various studies have compared different fluoride-containing solutions and varnishes,\[[@ref6][@ref9][@ref10]\] fluoride mouthwashes with the different compositions\[[@ref5][@ref11][@ref12]\] and fluoride products in combination with other preventive materials.\[[@ref13][@ref14]\] Others have evaluated the effect of increased concentration of sodium fluoride\[[@ref15]\] and the efficacy of fluoride compounds at various pHs for prevention of erosion.

Furthermore, it has been shown that calcium-containing compounds are capable of preventing erosive wear. CPP-ACP complex provides super-saturated concentrations of calcium and phosphate ions that prevent demineralization by providing a rich source of neutral ion pair (CaPO~4~) and enhance the formation of hydroxyapatite crystals in demineralized lesions.\[[@ref16]\]

The exact mechanism of erosion is yet to be clearly identified. However, it has been revealed that CPP-ACP remineralizes the enamel surface eroded as the result of acid exposure and increases its hardness. These lesions are repaired by the deposition of minerals in the porous areas. However, regrowth of crystals does not occur.\[[@ref16]\]

In the composition of TM many compounds other than CPP-ACP are involved including glycerol, xylitol, propylene glycol, water, metal oxides, and hydroxybenzoates. Glycerol has been suggested to play a major role in the efficacy of TM for reduction of erosive wear of enamel and dentin due to its lubricating effect.\[[@ref16][@ref17]\]

Rees *et al*., in their study compared the efficacy of TM (containing CPP-ACP) and Pronamel toothpaste for erosion prevention.\[[@ref7]\] Taleb *et al*., compared CPP-ACP and fluoride gel in remineralization of demineralized human enamel surfaces.\[[@ref18]\] Some other studies assessed the effect of CPP-ACP on prevention of erosive enamel and dentin wear and demineralization.\[[@ref17][@ref19][@ref20]\]

This method has been used in various studies\[[@ref5][@ref7][@ref9][@ref13][@ref20][@ref21]\] and its accuracy has been confirmed.\[[@ref22]\]

y~max~ value for protected surfaces from the total y~max~ was calculated, since y~max~ of protected surfaces was not significantly different between the three groups.

The results of this study revealed that both CPP-ACP paste and sodium fluoride mouthwash were capable of reducing erosion which is in accord with the findings of Wiegand *et al*.,\[[@ref4]\] Magalhães *et al*.,\[[@ref9]\] Rees *et al*.,\[[@ref7]\] and Ranjitkar *et al*.,\[[@ref19]\] Comparison of means showed that the rate of erosion (surface loss) in the control group was higher than the TM and mouthwash groups. Furthermore, the level of erosion in the tooth mouse group was greater than the mouthwash group. Thus, the efficacy of mouthwash for prevention of erosion was greater than that of TM.

Paired comparison of groups revealed that although the rate of erosion (surface loss) in the CPP-ACP group was lower than the control and higher than the mouthwash groups, none of these differences were statistically meaningful. In contrast, rate of erosion (surface loss) in the mouthwash group was significantly lower than the control group which was in agreement with the findings of Hamba *et al*.,\[[@ref23]\] They showed that sodium fluoride and CPP-ACPF paste were more effective than CPP-ACP for inhibition of enamel demineralization.

More recently many valuable articles are published regarding effect of CPP-ACP on enamel by Shetty *et al*. in 2014,\[[@ref24]\] Somasundaram *et al*. in 2013,\[[@ref25]\] Vashisht *et al*. in 2013,\[[@ref26]\] and Patil *et al*. in 2013,\[[@ref27]\] and different results have been obtained, which all show that CPP with fluoride is a promising material for remineralization of enamel subsurface lesions and it means that still more studies have to be done to evaluate exact protective effect of CPP-ACP.

CONCLUSION {#sec1-5}
==========

This study showed that using mouthwash is an effective method for prevention of erosion in at-risk patients. Sodium fluoride mouthwash provides protection against caries and prevents erosive tooth wear by strengthening the enamel surface. This product is cheap and easily available over the counter. Thus, if recommended, its consumption will be widely accepted by the public.
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